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influenza  and  staphylococcus  infection 

-idge  de  Pathologie  et  de  Medecine  Experimental©. 

Exaraiu  Tome  XXVI,  No.  6,  Decerabre  1858.  Virus  Qrl-ooal  et 
l--fe-  -ion  staphylococci  cue  PAR  Andre  Dachy  (Instltut 
Pas'c-our  de  Eruxelle3.  Translation  by  Bernice  MacDonald  .  - 

The  favorable  influence  of  influenza  virus  on  diverse  bacteri¬ 
al  Infections  responsible  for  pulmonary  complications  of  human 
influenza  has  been  demonstx  u.ted  by  P.  Bordet  and  L.  Quersin 
in  the  particular  case  of  the  Pfeiffer  bacillus,  the  hemolytic 
strptococcu3  and  of  pneumococcus. 

It  has  seemed  interesting  to  study  in  thi3  respect  the 
staphylococcus  pyogenes  whose  role  In  the  complications  of 
influenza,  is  becoming  particularly  frequent.  It  is  proved 
rapidly  that  the  guinea  pig  by  reason  of  its  weak  receptivity 
to  the  staphylococcus  Infection  do  not  lend  themselves  to  this 
study.  Sensitively  very  receptive,  the  rabbit  was  chosen  as  tbfe*- 
experimental  animal  and  we  have  recognized  that  the  siraultanoeus 
inoculation  of  influenza  virus  and  staphylococcus  pyogenes  very 
rapidly  increases  the  receptivity  of  the  rabbit  to  this  bacteria. 

The  first  strain  of  staphylococcus  used  has. been  isolated 
recently  beginning  with  a  case  of  purulent  pleurisy  and  which 
manifested  very  strong  resistance  to  the  bacteriostatic  action 
of  penicillin.  Also  it  appeared  Indicative  of  research  for  the 
use  of  other  strains,  if  the  important  growth  of  the  receptivity 
observed  was  not  in  proportion  to  the  classic  origin  of  the 
staphylococcus  strain  or  to  its  resistance  to  penicillin.  The 
experimental  results  have  not  opened  any  clear  conclusion  to 
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this  subject. 

I.  .oral  —cparinental  Conditions 

Ciie  increase  of  receptivity  in  the  animal  to  a  bacterial 
•'.n.ectlon  -3  ^s-imated  according  to  the  lowering  of  the  mini- 
itum  fatal  dose  of  this  bacteria  when  it  is  inoculated  in  an 
previously  ^influenzad”. 

Preparation  of  the  suspension  of  the  influenza  virus:  .hi 
allantoid  suspension  of  influenza  virus  A-PRS  is  concentrated  by 
adsorption  on  human  red  corpuscles  of  RH+  following  elution  at 
37°.  inis  eiuate  of  virus  is  titered  by  the  method  of  hemagglu¬ 
tination  defined  by  Hirst  (2)  and  regularly  yielding  a  titer  be** 
tween  8, COO  and  1o,00C  hemagglutinat  units  per  ml.  The  virulent 
Held  thus  obtained  contains  traces  of  hemoglobin  resulting  from 
the  slight  hemolysis  which  was  produced  in  the  course  of 
handling. 


Preparation  of  the  susnension  of  staphylococcus;  In  all 
the  cases,  the  strains  of  experimental  staphylococcus  have  not 
undergone  anything  except  laboratory  test3.  The  cultures  in  con¬ 
tinuous  beds  on  slopping  gelose  and  aged  24  hours  are  collected'- 
in  a  physiological  solution  with  5 %  ordinary  bouillon  added. 

The  required  dilutions  are  realized  extemporaneously. 

The  staphylococcus  strains  used  possessed  common  charac¬ 
teristics  required  for  the  qualification  of  pyogenes,  namely, 
the  production  of  pigment,  presence  of  a  coagulant,  fermentation 
of  mannetal  and  early  liquefication  of  the  gelatine.  The 
bacteri03tatio  iritibiogrammes  have  been  established  according 
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uo  t/he  did:  method  (  Difco  brand). 

II  ’  EXPE..I,;2NTS  ON  GUINEA  PIGS 

The  guinea  pig  is  a  species  of  animal  in  practice  resis¬ 
tant  to  the  influenza  virus.  Its  receptivity  to  staphylococcus 
pyogenes  is  moderate,  The  sub cataneou s .  injection  Involves  the 
apparition  of  an  abcess  which  evolves  naturally  toward  the  re¬ 
covery  (3).  The  death  of  the  animal  24  to  43  hours  can  follow  the 
intraperitcneal  Inoculation  of  high  doses  of  staphylococcus. 

The  guinea  pigs  used,  a  total  number  of  47,  weigh  less  than 
335  gr.  The  inoculation  done  intraperitoneally  allows  a  volume 
of  25  ml.  of  virulent  eluat  and  2  ml.  of  staphylococcus  suspension. 
The  criterion  adopted  is  the  death  of  the  animal  after 

4  hours. 


»  „  Virus  ..-PR q  v  staphylococcus  penicillino-resistant  of  pul¬ 
nunary  origin.0 


Dose  of  staphyi.  in 
fraction  of  culture 

1 

1/3 

1/5 

1/10  1/20 

1/1 00 

1/1000 

Test  Inoculated 

5 

6 

2 

4 

2 

— 

W* - 

5 

4 

0 

0 

0 

mm 

vPRo  .  .no  sweated 

2 

2 

4 

3 

3 

1 

W\/3>  v*i 

** 

2 

2 

1 

0 

o  • 

0 

The  minimum  fatal  dose  of  virus  A-PR8  for  the  guinea  pig 
weighing  300  gr.  is  on  the  order  of  1 60, 000  heaagglutinat  units. 
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later 


staphylococcus  engender  a  ftal  pyemia  in  4  to  10  days 


tures  24 


multiple  revived  abcesses. 

rarely  do  they  come  from  other  visceral  localizations: 
r-Ss,  -he  uhe  bones,  the  bone  junctions*  The  hemocul- 
boure  after  injection  are  irregularly  positive. 


Seventy  one  rabbits  were  used  weighing  less  than  2,900 
gr.,  the  limits  aro  between  1,970  and  3,250. 

The  criteria  of  virulence  adopted  is  the  death  of  the  ani¬ 
mal  in  4  days. 

The  dose  of  influenza  virus  A-PRg  is  bn  the  order  of  20,000 
henagglutinat  units  and  is  Inoculated  under  a  volume  of  2.5  ml. 
Injected  alone,  this  dose  of  virus  does  not  cause  preceptible 
accidents,  "he  suspension  of  staphylococcus  pyogenes  is  contained 
in  a  volume  of  2  ml. 

In  the  guinea  pig  R.  Bordet  and  L.  Quer3in  (1)  have  shown 
that  the  size  of  the  infection  of  virus  and  of  bacteria  is  in¬ 
different  to  the  extent  to  which  the  two  injections  are  not 
divided  excep£oby  several  hours.  Also  we  have  performed  our  in¬ 
jections  almost  simultaneoulsy. 

The  results  were  presented  as  follows: 

A.  Reduction  of  the  minimum  fatal  dose  of  staphylococcus 
pyogenes  injected  intravenously  under  the  action  of  influenza 
virus  Injected  intratracheally  in  the  particular  cases 
following: 


1 )  strain  staphylococcus  of  pulmonary  origin  penlcillinlo 

resistant.  _ _ 

2)  strain  staphylococcus  of  pulmonary  origin  penicillino- 
sensetlva. 
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.nimun  fatal  dose  of  staphylococcus  pyogene  Is  for* 
on.  the  order  of  1/3  of  continuous  culture. 

■-.'nose  results  indicate  a  slight  Increase  of  the  receptivity 
eo  „ue  bacteria,  but  the  Increase  seems  too  weak  to  lend  itself  v. 
well  for  experimental  study. 

2.  Virus  n-PRg  and  staphylococcus  pyogene.,.  penlcillino-aensetive 
of  cutaneous  origin. 

The  variation  of  receptivity  stated  in  these  tests,  between 
“influenzal'  guinea  pigs  and  test  guinea  pigs,  do  not  appear  to 
be  superior  to  those  observed  in  the  preceding  experiments. 


co::  cm  sick  ; 

One  can  conclude  that  in  the  case  of  staphylococcus,  the  guinea 
pig  doe3  not  lend  itself  as  evidence  of  an  increase  of  receptivity 
under  the  action  of  the  Influenza  virus. 


III.  EXPERIMENTS  WITH  THE  RA33IT 


The  influenza  virus  inoculated  intratracheally  proliferate 
in  the  rabbit  if  the  animal  is  placed  in  a  state  of  low  resis¬ 
tance  (4).  Injected  intravenously  the  weak  quantities  of  influ¬ 
enza  virus  only  cause  a.febrile  response  attaining  its  maximum 
in  a  few  hours  (5,6)  showing  the  toxic  effects.;Of  the  virus. 

The  rabbit,  1-ice  the  guinea  pig,  doesn’t  seem  normally  sense- 
tivo  except  to  the  toxic  effects  of  the  influenza  virus. 

On  the  other  hand,  the  strong  doses  of  staphylococcus  given 
i nt rave n  cu  1  e  y  cause  a  rapid  emaciation  and  the  death  of  the 
rabb-t  of  aeptecemia.  after  2  to  3  days,  ^e  doses  of  very 
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2)  str air.  staphyloccus  of  cutaneous  origin  penlcillino- 
resls  tant. 

strain  staphylococcus  of  cutaneous  origin  peniciilino- 
sen&_  tivo. 

Comparison  of  the  decrease  of  the  minimum  fatal  dose 
of  the  staphylococcus  pyogenes  penicilllno  -resistant  of  pul- 
nonary  origin  (intravenous  or  intratracheal). 

1  )  Strain  staphylococcus  of  pulmunary  prigin  penicillin^-  resls- 

~Cc»n*Cr  • 


Dose  of  stap’nyl.  in 
fraction  of  culture 

l/lO  1/50  1/100 

1/500  1/1000  -  1/10000 

Test  Inoculated 

tenths 

1  1  1 

1  0  0 

1  2 

0  0 

v?R8  Inoculated 

Deaths 

KNfrf'V 

1  1 

1  1 

5  7  1 

4  4  0 

2)  Strain  staphylococcus  of  pulmonary 
tive. 

origin  penicillino-sende- 

Dose  of  staphyl.  in 
fraction  of  culture 

1/10  1/50 

1/100  1/5000  i/iooo 

Test  Inoculated 
Deaths 

1  2 

1  1 

1 

0 

_  _ 

*?R8  Inoculated 

Deaths 

1 

1 

1  2 

1  1 

j)  Strain  staphylococcus  of  cuataneous  origin  penicillino- 
re si st ant* 
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1/10 


1/100  1/600 


1/1000 


iOdww  or  stuphyl.  in 

—  w-0*C/_0ii  Cy  _  Cl  l!  - 


1/50 


lost 

Inoculated 

1 

1 

1 

1 

1 

r  *’*  V'  0 

1 

0 

0 

0 

0 

•r?R3 

Inoculated 

— 

1 

1 

2 

2 

Deaths 

1 

1 

1 

0 

5  s 

V  ■*.  T  tA 

train  staphylococcus 

of  cutaneous 

origin 

penlcillino- 

sense- 

Dose-  of  staphyl .  in 
fraction  of  culture 

1/10 

1/50 

i /1 00 

1/500 

1/1000 

fast  Inoculated 

1 

2 

1 

1 

«■» 

Deaths 

1 

0 

0 

0 

- 

v?R8  Inoculated 

1 

1 

3 

2 

3 

Deaths 

1 

1 

1 

1 

0 

T hese  results  regularly  show  an  increase  of  receptivity  to 
staphylococcus  under  action  of  the  virus,  but  they  do  not  indicate 
on  the  contrary  any  certain  influence  on  this  phenomenon,  of 
uhe  clinical  origin  of  the  bacterial  strain  nor  of  the  sense- 
tivity  to  penicillin. 

/ne  following  table,  which  gives  the  sum  of  results  obtained 
allows  the  greater  estimate  of  the  degree  of  this  increase. 


Dose  of  staphyl.  in 

fraction?. of  culture-  l/lO  l/50  l/lOO  1/500  l/l©00  1/10000 


lest  Inoculated  4  6  4  3  3 

Deaths  41000 

7 


?Hd  Ir...  enlaced  2  2  9 

—ache  2  2  7 


10 

7 


«  ;* 
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ainimum  facal  dose  of  staphylococcus  pyogenes  seems  to 
so  20  tin--  -..'oahen  when  it  is  inoculated  simultaneously  with 
2C»C00  units  of  Influenza  virus  A-PR8. 

C.  Comparison  of  the  decrease  of  the  minimum  dose  of 
staphylococcus  pyogene  penicillino-re3istant  of  pulmonary  origii 
(method  I.V. )  as  a  function  of  the  method  of  inoculation  of 
virus  ( intravenous  or  intratracheal). 


Dose  of  stnphl.  in 

fraction  of  culture  1/100  1/500  1/1000  l/lOOOO 


?K3  I.  D.  Inoculated  357  1 

Deaths  3  4  4  0 

?3o  2.  V.  Inoculated  122  1 

Deaths  121  0 

the  means  of  inoculation  of  the  virus  (intravenous  or 
intratracheal)  therefore  seem  without  influence  on  the  degree 
of  reduction  stated. 

D.  Remarks 

1 .  At  the  time  of  death  a  hemoculture  by  puncturing  the  cardiac 
is  dosne  systematically.  In  50;»  of  the  cases  death  occurred 
48  hours  after  inocu"'  ation,  these  hemocultures  proved  positive 
in  the  staphylococcus  which  had  been  injected  simultaneously 
with  the  influenza  virus  or  whether  it  wasn’t. 
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2.  •-'.•-c*  presence  of  influenza  virus  in  the  respiratory  tree 

no  v  favor  the-  .ulmonary  localization  of  the  staphylococcus  '" 
i.-.oouluucd  intravenously .  ‘here  have  been  only  several  cases 
of  f„incns .-V  ..ocesses  or  pleurisy  whose  frequency  does  not 
^xcecd  that  pointed  out  in  the  literature  (4)  during  the 
isolated  inoculation  of  staphylococcus  pyogenes  given  intra¬ 
venously. 
nr  T4“  t  *  -•  Tr,  * 

the  receptivity  of  the  rabbit  to  intravenous  injection  of 
wtaphylotoco. _  pyogenes  is  received  when  one  inoculates  simul¬ 

taneously  20.000  henagglutinat  units  of  influenza  virus  adminis¬ 
tered  intratracheally. 

This  Increase  of  sensitivity  is  independant  of  the  means  of 
inoculation  of  the  virus,  of  the  sensitivity  of  strains  of 
staphylococcus  to  penicillin  and  of  the  clinical  origin  of. the 
stain. 

The  viruses  do  not  multiplu  in  the  rabbit  and  the  effects 
are  immediate,  the  increase  of  receptivity  can  be  attributed 
to  a  tdxic  effect  of  the  virus. 

The  presence  of  virus  in  the  respiratory  tract  of  the 
rabbit  does  not  entail  the  very  frequent  apparition  of  staphy¬ 
lococcus  abcesses  at  this  level. 

SUMMARY  f/  «r.  .  ,  .  .....  4  >  ■  , 

'  ’/■  r 

Influenza  virus  when  injected  simultaneously  slightly 

.  J  U  -  A 

increase'  there  c  e  p  t i v 1  ty  of  guinea  pigs  to  ^Sicrococcus  pyogenes^ 
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Intratracheal  or  intravenous  inoculation  of  influenzal  virus 
increases  at  least  20  tines  the  receptivity  to  the. infection  of 
raooits  inoculated  intravenously  with  suspensions  of  staphylocoi. 
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